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Fertilizing 
CORN 
in South Dakota 
South Dakota farmers are using 3 times as much 
fertilizer today as they were 10 years ago. About one-
half of the fertilizer used in South Dakota is used for 
corn production, yet it is estimated that we could prof-
itably use 3 to 4 times this amount of fertilizer on corn 
alone. 
PLANT NUTRIENTS FOR CORN 
The soil must supply 1.5 pounds of nitrogen, 0.5 
pounds of phosphate (P2O;;) and 1.0 pound of potash 
(K2O), to produce a bushel of corn. If the organic and 
mineral portions of the soil cannot supply adequate 
amounts of these nutrients, then N, P and K must be 
added as fertilizer for the most economical yield con-
sistent with climate and management. Nitrogen, phos-
phorus, potassium and possibly zinc are the only fer-
tilizer nutrients which currently need to be applied for 
corn production in South Dakota. 
Nitrogen 
South Dakota soils have large quantities of nitro-
gen stored ir · e organic matter (2000-5000 pounds of 
N per acre \ d if it were readily available to plants, 
no nitrogen fertilizer would be needed. But release of 
soil nitrogen is slow, usually 1 to 2% of the total per 
year; thus additional nitrogen needs to be added. 
A soil te • for organic matter is a good guide for 
estimating \ amount of nitrogen released and 
should be tht nrst step in deciding how much nitro-
gen to use. But a soil test is not the whole answer; the 
previous cropping and tillage practices also play a big 
part in the nitrogen picture. These practices are 
grouped into nitrogen management classes and help 
determine the nitrogen recommendation. 
Although most crops grown on well drained soils 
absorb nitrogen principally in the nitrate form, other 
forms of nitrogen in fertilizers are equally effective in 
increasing corn yields. For a more detailed discussion 
of nitrogen fertilizers see fact sheet entitled "Fertilizer 
Facts." 
Note: Nitrogen deficiency in young corn plants is 
characterized by stunted, spindly growth with light 
green foliage. In older plants nitrogen will move out 
of the lower, older leaves into the growing parts. The 
tips of the older leaves will yellow and the yellowing 
will follow up the midrib in a typical V shaped pat-
tern. The leaf will eventually die. 
Nitrogen deficiency should not be confused with 
lack of moisture which affects the upper as well as the 
lower leaves. 
Phosphorus 
Soil phosphorus can be divided into two forms, in-
organic and organic. The inorganic form comprises 
the major portion of soil phosphorus; however ex-
treme values for surface samples range from 97% in-
organic and 3% organic phosphorus to 25% inorganic 
and 75% organic phosphorus. Total soil phosphorus 
in South Dakota soils ranges between 1,000 and 2,000 
pounds per acre in the plowed layer. 
Most of the inorganic phosphorus in the soil is in a 
form unavailable to plants. This phosphorus is slowly 
released into the soil solution where it can be taken in 
by plants. At any one time, only a small quantity of 
phosphorus is present in the soil solution, usually less 
than 0.25 ppm (¼ lb./acre). This phosphorus in the 
soil solution must be replaced from 100 to 500 times 
during the growing season to furnish adequate phos-
phorus for plant growth. 
Organic phosphorus in soil is a part of the organic 
matter and is released for plant growth when the or-
ganic matter is decomposed. This mineralization of 
organic matter and subsequent release of phosphorus 
is essentially the same decomposition process that re-
leases organic nitrogen. 
The phosphorus in fertilizer reacts rapidly with 
soil, drastically limiting its movement. Most of the 
surface-applied phosphorus remains in the top 2 or 3 
inches of soil unless mixed by tillage. The loss of phos-
phorus by leaching is negligible. Erosion and harvest-
ing crops are the principal means of depleting the 
phosphorus in the soil. For a detailed discussion of 
phosphorus fertilizers see Fact Sheet entitled "Fertil-
izer Facts." 
Note: The phosphorus deficiencies of corn are 
characterized by slow, stunted growth and dark green 
color. Sometimes the lower leaves and stems will be 
violet or purple in color. 
Potassium 
Most South Dakota soils are relatively high in total 
potassium ( 40,000-60,000 lbs. K~o per acre furrow 
slice). Available potassium represents about 1 to 2% 
of the total amount in af average soil. It includes the 
potassium in the soil so\ution and also that which is 
exchangeable. The latter is absorbed on the surfaces of 
the clay particles and is easily dislodged into the soil 
solution. 
There is a constant 1'\( 'ance between the amount of 
potassium in solution ,.i',d that on the exchange sur-
faces of the soil particles. When potassium is absorbed 
by plants from the soil solution, some of the potassium 
from the exchange positions moves into the soil solu-
tion until balance is again established. On the other 
hand, when water soluble potassium fertilizers are ap-
plied, the reverse occurs. For a detailed discussion of 
potassium fertilizers see Fact Sheet entitled "Fertilizer 
Facts." 
Note: The first potassium deficiency symptom of 
corn is a slower rate of growth. The leaf edges and 
tips become dry and scorched, with the rest of the leaf 
showing yellowish strips.The lower leaves are affected 
first. Severe potassium deficiency can cause lodging in 
corn by time of maturity. 
Zinc 
Zinc content of soils ranges from 20-600 lbs. per 
acre, but like the other nutrients, much of it is unavail-
able to plants. Zinc does not leach from soils and that 
which is returned in residues remains near the surface. 
Therefore, zinc deficiencies are usually associated 
with soil that is severely eroded or where subsoil is ex-
posed due to leveling for irrigation or terracing. Corn 
seems to exhibit zinc deficiencies more frequent! y 
than other crops in South Dakota. 
Corrective measures include a soil application of 
zinc sulfate at the rate of 10 to 40 pounds per acre or 
the use of one of the organic materials. 
Note: Zinc deficient young corn plants develop 
pale yellow strips on each side of the midrib of lower 
leaves. These yellow strips start on or near the base of 
the leaf. Later, leaves may become reddish-bronze in 
color and eventually die. Shortening of internodes and 
stunting also occurs. 
TIME AND METHOD OF APPLICATION 
Once the need for fertilizer has been established, 
preferably with a soil test, the next question is how 
and when to apply the fertilizer. There are a number 
• 
of choices available and no one method is necessarily 
the best. In fact other considerations such as cost of 
fertilizer, labor efficiency and availability of equip-
ment might well be the deciding factor. However, 
phosphorus and potassium must be applied at or be-
fore corn planting time to insure adequate incorpora-
tion with the soil. Nitrogen, on the other hand, can be 
applied after planting. 
Fall vs. Spring 
Tests fail to show any significant difference in corn 
yield between fall and spring applied fertilizer. Where 
fall plowing is a common practice the fertilizer should 
be applied prior to plowing, especially when phospho-
rus or potassium are concerned because both of them 
need to be incorporated in the soil for maximum fertil-
izer efficiency. Nitrogen can also be applied in the fall 
without fear of leaching except under abnormally 
high rainfall and sandy soil conditions. There is some 
danger of losing nitrogen by volatilization when using 
nitrogen products containing urea; consequently, it is 
advisable to incorporate these materials into the soil 
soon after application. There is usually a $4 to $5 per 
ton price advantage for fall purchased fertilizer. 
When corn follows corn it is advisable to fertilize 
in the spring to avoid any loss fn·,·· - runoff on frozen 
ground and so that the material be incorporated 
into the soil soon after application. Fertilizing just 
prior to plowing is always a good practice and should 
be one of the main considerations in determining 
when to fertilize. 
'-:. 
Starter vs. Plowd~ 11 
The use of starter fertilizer applied in a band 1 to 2 
inches to the side of the seed and slightly below is a 
widely recommended practice in corn producing 
areas. Fertilizer close to the seed insures early healthy 
vigorous plant growth. This early start, if accompan-
ied by adequate rainfall during the growing season, 
can mean an additional 5 to 10 bushels per acres. Usu-
ally 1 :4 :0 or 1:4 :2 ratio ( see fact sheet "Fertilizer 
Facts") is used as a starter and the additional nitrogen 
needed by the corn is applied broadcast before plant-
ing or sidedressed after planting. 
Caution: The use of starter without adequate ni-
trogen generally does not pay. 
When corn is subjected to drouth, the use of starter 
fertilizer may not increase yields because the large vig-
orous! y growing plant would begin to show signs of 
moisture stress earlier than corn plants that had not 
been stimulated by starter. Drouth is a common haz-
ard for corn production in South Dakota and un-
doubted! y accounts for the fact that research to date 
indicates no consistent yield advantage for starter fer-
tilizer over plowdown fertilizer for corn. 
Sidedressing 
Sidedressing, as the name implies, is a method of 
applying additional nitrogen fertilizer between the 
corn rows after the corn is planted. It is most often 
used in combination with a starter fertilizer program. 
Corn can be sidedressed with either dry or liquid fer-
tilizer from the time it is planted until it is no longer 
possible to get into the field; however, for maximum 
response, corn should be sidedressed before it is 12 
inches high. It may be done while cultivating or with 
a separate operation. 
Fertilizing Listed Corn 
Listed corn presents some unique fertilizer prob-
lems. A program of broadcasting fertilizer and plow-
ing it under that might work for surface planted corn 
would be ineffective for listed corn because the action 
of the lister moldboards would put the fertilizer in the 
ridge where it would be relatively unavailable. This is 
particularly true for phosphorus, which moves only a 
few inches in the soil during one growing season. 
There are a number of fertilizer attachments on 
the market designed for use on a lister. These attach-
ments place the fertilizer to one side and below the 
seed. They work well on lighter soils but apparently 
are troublesome on heavier soils. 
The use of these attachments is encouraged be-
cause they place the fertilizer at or below seed level 
where it is readily available to the young corn plants. 
Many listers are equipped with fertilizer boxes 
but without placement equipment. With this system 
the fertilizer is applied just ahead of the covering discs 
and is mixed with the seed and soil. There are two 
problems that should be considered when fertilizer is 
applied in this way. First, there is some danger of ger-
mination damage if fertilizer comes in contact with 
the seed and second, the use of nitrogen fertilizer 
above the row will encourage weed growth . Despite 
these objections, this may be the most practical method 
of applying limited amounts of phosphorus and po-
tassium on heavier soils where the placement attach-
ment is causing trouble. 
Some farmers are broadcasting the fertilizer after 
listing to avoid this problem. If broadcasting is the 
only method of application available, then it is prefer-
able to broadcast after listing. 
Nitrogen fertilizer can be sidedressed on listed 
corn either as a separate operation or with a fertilizer 
attachment on the cultivator. 
SPECIAL PROBLEMS 
Fallow and Corn 
It has long been recognized that corn and fallow 
don't mix. Corn on fallow land appears to be normal 
and healthy but fails to make vigorous growth early 
in the season. This early growth suppression may be 
due to an accumu 1ition of excess nitrates in the soil in 
relation to the a 1t of available phosphorus. 
Recent tests 1 ..,outh Dakota show that banding 
phosphate will eliminate the early growth suppression 
O'l hllow t>Vf'n when the soil phosphorus levels are 
high. 
Post emergei:;i -,. treatments seem to be ineffective. 
Recommen · : Apply 30-40 pounds of phos-
phate per acre as a starter fertilizer when growing 
corn on fallow land. Broadcasting the fertilizer is not 
recommended. 
Phosphorus-induced Zinc Deficiency 
Under certain conditions (low to medium zinc 
levels in the soil and high soil phosphorus levels) the 
use of phosphorus as a starter fertilizer has induced 
zinc deficiency in corn. Phosphorus should not be 
used as a starter without a soil test. 
Recommendation: Band phosphorus at seeding 
time only when justified by a soil test, at rates not to 
exceed 30 pounds P~O:. per acre except on very low 
testing soils. 
RATES OF FERTILIZER APPLICATION 
Fertilizer recommendations are based on the abili-
ty of a crop to respond to fertilizers-this is determin-
ed by climate and soil. 
Since there is a tremendous variation in South Da-
kota both in soil and climate, the state has been divid-
ed into 9 areas of potential corn production as shown 
on the soils map on the back of this fact sheet. The 
yield figures shown on the map are estimates of long 
time average yields under good management. 
Nitrogen 
Nitrogen fertilizer recommendations are based on 
the soil organic matter as determined by a soil test 
(figure 1) and the accumulation of nitrogen due to 
previous management ( figure 2). The actual pounds 
of nitrogen recommended are shown in figure 3. 
Here is an example of how a recommendation is 
made. Let's assume that you are farming in an area 
with a corn production potential of 60 bushels. Your 
rotation contains no legumes and the soil test for or-
ganic matter is 2.2% . The 2.2% organic matter is in 
the low range ( figure 1) and this nitrogen manage-
ment class rating is also low ( figure 2). Therefore, the 
nitrogen fertilizer recommendation (figure 3) for a 
low soil test and a low rating for nitrogen manage-
ment in the 60-bushel area is 60-70 pounds of nitrogen. 
Rating 
Low 
Medium 
High 
Figure 1. Organic Matter Test 
% O . .M. 
0-2.5 
2.5-4.0 
4.0 and over 
Figure 2. Nitrogen Management Class 
Rating Previous .Management 
Continuous corn Low 
Medium 
Corn following any non-legume crop 
Corn following soybeans; 
5-10 tons of manure; 
2nd year after alfalfa; 
spring or fall plowed sweetclover less than 2 
tons per acre 
High Corn following two or more years of legume 
More than 10 tons of manure; 
Corn following summer fallow. 
Figure 3. Recommended Rates of Nitrogen 
Fertilizer Application 
Nitrogen 
.Management Class ( Fig. 2) 
High 
.Medium Nitro-
Organic Low Nitrogen gen 
Areas Yield Matter Nitrogen recom. recom. 
on Potential Test rccom. (Lbs (Lbs 
.Map (Bu/ A) (Fig. 1) (Lbs/A) / A) / A) 
Low 75-85 40-55 0 
1 70 Medium 55-65 0-40 0 
High 0-50 0 0 
Low 65-75 35-45 0 
2 65 Medium 50-60 0-30 0 
High 0-40 0 0 
Low 60-70 30-40 0 
3 60 Medium 45-55 0-30 0 
High 0-40 0 0 
Low 50-60 25-35 0 
4 55 Medium 40-50 0-25 0 
High 0-40 0 0 
Low 45-55 0-30 0 
5 50 Medium 35-45 0 0 
High 0-30 0 0 
Low 40-50 0-30 0 
6 45 Medium I • -40 0 0 
High u-30 0 0 
Low 35-45 0-30 0 
7 40 lVIedium 25-35 0 0 
High 0-30 0 0 
Low 30-40 0 0 
8 35 Medium \ 0--'30 0 0 
High 0 0 0 
Low 25-35 0 0 
9 30 Medium 0-25 0 0 
High 0 0 0 
Phosphorus 
The recommended rates of application for phos-
phorus are given in figure 4 for corn production areas 
1 to 4 where 55 to 70 bushels of corn can be raised and 
in figure 5 for areas 5, 6 and 7 where 40 to 50 bushels 
of corn can be raised. Phosphorus is generally not rec-
ommended for areas with a production potential of 
less than 40 bushels. The recommendations are given 
in pounds of phosphate (P~O.,), which is the common 
way of referring to phosphorus, and in pounds of 
phosphorus (P), which is a newer method. Note that 
higher rates of application are recommended for 
"broadcast" application than for "starter" application 
when fertilizer is placed near the seed. 
Figure 4. Recommended Rates of Phosphorus Applica-
tion for Areas With Corn Production Potential of 55 to 
70 Bushels per Acre 
Pounds / Acre 
Phosphorus Broadcast Starter 
Soil Test Rating p,o,. p p,o, p 
0-5 Very Low 60 26 40 18 
5-15 Low 45 20 30 13 
15-25 Medium 30 13 20 9 
25 or over High 0 0 0 0 
Figure 5. Recommended Rates of Phosphorus Applica-
tion for Areas with Corn Production Potential of 40 to 
50 Bushels per Acre 
Pounds / Acre 
Phosphorus Broadcast Starter 
Soil Test Rating p,o , p p,o , p 
0-5 Very Low 45 20 30 13 
5-15 Low 30 13 20 9 
15-25 Medium 0 0 20 9 
25 and over High 0 0 0 0 
Potassium 
The recommended rates of application for potas-
sium are given in figure 6. Rates are given as pounds of 
potash (K~O), which is the common way of referring 
to potassium, and also as pounds of potassium (K), 
which is a newer method. Note that higher rates are 
recommended for "broadcast" application than for 
"starter" application. 
Figure 6. Recommended Rates of Potassium 
Application 
Pounds / Acre 
Potassium Broadcast Starter 
Soil Test Rating K,O K K,O K 
0-150 Low 60 50 30 25 
150-250 Medium 0 0 20 17 
250 and over High 0 0 0 0 
Fertilizer for Irrigated Corn 
The fertilizer recommendations given in this fact 
sheet are for dry land corn; since yield potentials under 
irrigation would be considerably higher, fertilizer 
recommendations would also be higher. The amount 
of additional fertilizer needed can be estimated by 
adding 1.5 lbs. nitrogen, 0.5 lbs. of phosphate ( P2Oa), 
and 116. of potash (K~O) for each bushel of addition-
al corn expected. For example, if you are in a 70-bushel 
area and the fertilizer recommendation was 60-20-20 
and you expect to raise 100 bushels with irrigation, 
then add 45 pounds of N ( 1.5 lbs. x 30 bu.), 15 lbs. of 
phosphate (0.5 lbs. x 30 bu.) and 30 lbs. of potash (1 
lb. x 30 bu.), for a total of 105 lbs. of N, 35 lbs. of 
P2O;; and 50 lbs. of K~o. 
Secure the following fact sheets for complete 
information on corn production 
Planting Corn in South Dakota 
Fertilizing Corn in South Dakota 
Weed Control in Corn 
Fertilizer Facts 
Control of Corn Rootworm 
Control of European Corn Bor, , 
Diseases of Corn ( Smut, Bligh . .lk Rot) 
Harvesting and Drying Corn 
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